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(deddpre\$ing and C.APdeldy time chdnycs) ; iden-

tifying an e~plosive ddequ~te for fragmenting the

rlCh Sh41e bed$ th~l were Conlblned within the

Co]umr, to be rwbbled; lnv?st1g4ting stermnlng perfor.

m~nce problems th~t #ere inherent in Comp\Px b]dSL

pdtierfl$; bnd ldck Of crdle,’ fo,.m~tlo,,ddtd fOr

ChOOS\flg the pCOper Lime d(!ldy$ in d retort design.

The Individual speci41 tests were performed over the

courie of the project as the need dro$e, The smdII

%faled tests were conducted [o study presp)ltting,

iricture control bltstln,:, #nd ch4r9e tlmln9

effcc L\.

figure ] iS a map of the Anvil Points fllne

thchdln9the locit}on of the 45 lJrge.scd)e te$t$

conducted in the pro9r,lm. The ShL~C 9rJde vdrldt ion

in the test bed 1s shodn in fi9ure 2,

machine WdS used to initiate the eleclrlc caps.

One of tne electronic systems wds composed of d

Co,nputer-cont rolled tlmlng and firing (l/f) system

dnd ~ Si9fldldcqulsltlon system, A OEC (D191tdl

[quipm.?nt Corpor,stlon) L$l.11/2 minicomputer com-

municated with external tlectronlc devlccs throt,gh

ports (32 pOrtS were aval Iable] to provide %equenced

clolvrrs to tr19ger power supplles for flr1n9 tne

shot, to activate $i9n~l recording qulpment, dnt to

trlggtr the COkk’TCX electronic units. f19ure j 1S d

block dla~rdm of the mdJor components of tht ma)?

system. The per!pher.slequipment for the computer

lncluoed dual floppy disk Wives, & lWnltOr SCreVn.

and d hdr(!copv dtvice to produce plots and COOP

!nfo.m8t\on, for c*ch Lest, the T/F informdtioo wbs

pro9rbnm?d Into the comp~<ter to provide trloge?

pulics to the bl~stiny bo~, recording electronics,

tnd COHRTIX,

lhe s\9n~l ~cqulslt ion systrm coi,tl$tcd of 10

Le:roy nult{chdnne] whveform di9ittleri (Model

22(,4}!msnufdrtured by LeCroy Re$e~rch 5ystem$,

Pd\$! Alto, C*liforni 4), 14 sl,lq)e-ch~nnel Cctron

signal Condltfonerl (model 776B, mnufdctured by

[ctron Corp, San 0ie90, Ctllfornt4), for the

piezorr$litive tr~nsduccrs, # l?.chtnnel IKE

(m-nuftctur?f! by ttf!plclolronics, buffdio, N,Y,]

pwcr \upply (tm;llffferunit fOr [he pi~zoelectrlc

trdnbduC@r S) dnd ) nMqnPtlc tape units dnd dsso.

cl~!ed dmplffl@rt for rccord{n9 the f19n41S In ind.

Ioy form, lhp rrwmory of t,Jchdlylt!lrr was ]?K

wordf. $*mpltn9 rht{s of 0,04 to 4 Ml{:wer~

AVA1 lbtlP clrpend!nq on lhr numhrr I,rchtnntli dell-

VA:PI1on PA(IIdtu\tlt Pr, I{,rrpcor~(nv and $:orl,,q

!t!e WI,U? Slvndl, r.Achdtg’tllrr rrc@!ved h ttoo

l:fgQer {,rfq!nit!ng from Ihe (om;)utvr Jt d u%rr spP -

clflrd time {n t!}?1/1%vqwn(e,
\it* c.,>m[,lemmt)ttoth+.IIti\rl!n$trimentdt 10,,

!y\trm {welto ch411nel\ of rlyhl .b(tlr#n\16nl .

rflult41 rc.cottflny by m3*n\ of lllo1,4tlt,t1mItSrl 7M05

to,o,d~rb worv Ilrttvldrd, (t(t!t!lllf.~tl(ll)Ufllt.d!

tdllhl~ien! rvcoldlnv two olqht -hll :,I141!wotk ch4n.

nvlt, thfte Rritiol71!044m,!ttpr unltt provided tlmP

b4$e (onlrol f,lrttlom\elv@\ 4nd for ~n~ 7!405\ $Idve

unllt 411A(hetl Illtt!Pm4 AI ,,,)t{)(1110* \ldv? unlll

rtlult!Iw y(VPII Ilme h.il~ct8nlrul frt,mune ntillrr

ulltt, It uA\ {lll~lholl1(1ut!tllb (II1Otn#\l-P IltIl\●!th

two or t$~ee ilAse4 4111!thr IIftI*rIN+ttr V.II! ~\,+

(lf\t’(It!118\!dvr\ , fli?l!l,lmAlton ,,l)l(thr+r ted,,
t



tl?rougha sixteen-bit pard]lel interface into a

Hewlett Packard 98L5 desktop computer. These da;a

were permanently saved on the cassette recording

system fiich was part of the HP 9835. The lip9835

was also utilized to reduce the data and to provide

plots on a Hewlett pdckdrd 9872 plotter, The

Biomdt ion transirnt dlgltdl recorders, the HP 9835

computer and the supporting amplifiers, filters and

pGwcr Supp]ieS were also housed in the trailer,

lhe CORRTEX electronics were part of the system

even though the quipment was self-contained. As

many as 17 CORRTIX units were used on a single test

to monitor initiation t)mes, ehplosive performance,

and stem behavior,

A varlc:y of Iigr,al lines and control wires con-

nected the recordin9 trolllers to the remote experi -

mental sites, The transducer sfgndls were carried

by ~~-.?2~coaxial cables as well ds twisted and

shielded wire pair!, CORRTEX sfpnals were

transmitted by kC-;23 an,<f(6-214Codxidl CA b]e S.

Accelerometer Gauaes

TWO types of transducers were used to md$ure

.dccelcrd;ion, the [ndevco piezoreststive 2264A

mir?ldture snock accelerometer (manufactured by

[ndevco, San Juan Cabistfano, Cal{fern(a) with

rattngs up to 20,000 g and the PCB piezoelectrlc

30$IAh{gh.shock acceler~neter with ratin9s to 50,000

9. A gauge pdciag(,with as mny as three trans -

ducers consisced of encapsulating the Endevco and

PCR 9auges in a cdn{ster oulded from dn epoxy

materldl ~ppro~(mdtln9 the Impedance of the oil

{hdle, h’!tnfn d canister, the i3au9es were orten,ed

to non{tor acctleratlofi in one or two, and sometimes

three. cnordlnate dlrrct ions, [ach gauie pa Ckd9e

was th?n positioned at a knuw~locatlol in dn

lnstrumen( bolt, orlfnte..drelatlve tr thechar9e

column dnd coup)pd ~.othe shdle with a rock Ntchin9

yrout , For rock mss% rrmtlon at varlaus depths, the

usual Uauqr pdckaoe cons {%trd of two transducers

orlvntvrj tonw,d%ure the vertical dnd radltl cum.

dlrrrl! on, Surftcc rock nullon wdi wmnitor@d by

m<)untlnv a %(n$)? traflsdurrr (n 4 c~nl%ter oriQntrd

to m.h\urP only the vrr(lthl cnmpon~nt of accelvra.

I(cln,

si9nal conditioning units that COntdined the bridge

completion and balancing circuits, an excitation

voltage for the gauge, dnd an amplifier section.

Each Cctron output was connected to one chan>el to d

digitizer recorder. The PCB Quartz sensors were

connected to a PCB power unit to power Lhe trans-

ducer with a bui]t-in amplifier for operdt ion in the

voltdae rmde. The outputs from the po~er uni: tiere

connected to appropriate channels of the digttizer

recorders .

Velocity Gdugt’

As both types of accelerometers were sub.iect LO

high frequency noise dfld/orsignfficdnt baseline

shift in the adverse environment in aich they were

●mployed, efforts were dlso directed tcwards deve-

‘ lopln9 an electromagnetic velotity gduge tectsnlque

suftable for med$uring rock msss mt ion and stem
performance in the inm?diate vicinity of detonating

er,plo:ive charges,

The type of electrcindgnetic ve~OCfty 9duge found

to be most effective is depicted in Figure 4 and

described (n detdil by (Young, et a] ., 1983). This

gdu9e functions simply by the motion of J bar maynet

through a helically wound pick up coil . As indi-

c~ted tn the figure, the bdr nbsgnetwhich is free to

slide within the tube wrapped with the pick up coil,

is positioned prior to the ezplosive ●vent at a

location such that the exp~ted rock mass or stem

motion will cause the plci up co{) to rmve past the

magnet. The nw9nets were typically held In pltce by

their mdgnettc adherence to a Smdll bolt posfttoned

in the tube dssembly 4S illustrated. The arriv~~ of

any explo$fvc tnduced shock or nmt ion would dl$)od9e

the mdgnet from this supportin9 bolt and during the

few mi Illseconds of valid recordiny the m49net tiould

remain etient!dlly stationary in spact by nature of

tts inertia Wile thr p!ck UP coi) tube tsscmbly

mevecj past IL, t!yperforming e vdrlcty of drop te!t

CallbrAtlon:. on the t)eCtrMa9n?t(( vel OCity gdugr

assembly, it His Potsfble to Callbrite each yau9e

for the voltayt ~unerated AS a function of tube

vclo(ity patt th~ ~9net, The 9auge wtputs were

typically accurate to within ffv~ prrc?nt over the

ri$rht to t?n ccntfnwter traw?l hul]t (nto the

94U9PS , As tach 94u9c.hbd a known trdvel or dl\p~a.

crm~nt IImlt, It was pots lbl? to verlf.y th~ qJu9e

#



integrating the velocity record wi-.h the nt?chari-

ctlly defined displacement limlt.

The electromagr,et!c velOclty gaug?$ had the

disadvantages that :hey had d greater impedance

mismatch with th~ oi1 shale and Lhe grout in Wit\,

they were an>eddea thdn d)d the piezoelectric and

piezoresistive accelerometers and that special pre.

cau[lons had to be taken during gauge installation

t~ ensure that the magnet WdS not dislodged pr,or to

execution of the eaplosive test. The electro,ndgne.

t~c gauges had tne advan~ayes !hdt they provided a

large amplitude, noise free vo!lage output which was

directly propc,rtion.dl to gauye velocity and that

they could provide long (up to 30 ms) records of

ground or stem imtion.

CORRTIX

COiRTf X instrumentation ($chmitt, 1963) was used

primarily to monitor the performance of a detondtlng

column of explosive in simple and complex blast

designs use? In the Consortium field test program.

Because the performance of comnercidl explosives 1S

dependent on geometry, confinement , .nd e~ternal

factors such aS preshocking, it {S impor:ant to

measure the performance under fie)d conditions to

evalu~te the blast results, CORRTEX i- an applica-

tion of time-domafn-reflectometry (lOR) to tnte:.ro-

gate d coaxial Sensor cable that chan$.es length with

time due to an advancing pressure front , CORRTIX 1s

4 portable electronics syftem which emtts electronic

pul%es a: timed intervals that travel to the end of

a 50-ohm coaxial Senfing cab)e, ref;ect, ar,d then

return to the receiver, The microprocessor.

controlled e~ectrontcs unit counts, dlgitire, , and

store$ the travel t{me of the pu}ses, Figure 5 is a

schemat{c of the prlnc~ple! of operation, For

meaiur(n9 ezp)oslve performatlce,the sensor cdble

run% th!ouyt. Lh~ charge Cotumn dnd 1$ CrUShQd at the

technique, shock/deton,dtlon wave posft ion as a futnc.

tlon o’ tfmp was obtdlned wtth cent !mrter resolu.

tion, Pulie rat-s wcrt var{ah)e over a 10 to 00 IS

rdngt, And ZOO(Idata Dolnt% cuuld be Stereo.

RG- 174, r5J)-5C, IIG.223, And UC-:14 50-ohm sen~ir,q

c~bles wtre uiefj {t (hp ffe)tft?. \ covering the

range of CrUSII pres~urps from $ MPa to ?,5 GPa, At

\hot tlm4, the COFQYf~ @lr~:,onlcs wa\ actfvatrd b,y

simple borehGle tests, usually two sensor cables of

d] ffrre,llcru$h strengths such as RG.174 or 2G-22j

and FSJi.5~cables were placed in rhe CIplot!ve bor?.

hole 10 measure the d?tona:lon velocity. CORRTII

was used to moltor detondt!on L1mQS ana O.?tonatlon

velocity by judicious placement of the sensor cables

ln d blast oeometry containing several levels of

explosive. CORRTIX wa$ al$o used to obtdln dd:d on

:1i3WSof free SurfdCe fOrmdtlOn wlthlr, the resul:lng

craters .

RESULTS

Hock mess mtlon measurements were CO,.duCtefl far

single - anfJmultlple-borehole arrangements. h

representative single-burehole fragmentation test IS

$hoWn ln figure 6 WICh illustrates the acce-

lerometer gauge pldcenu?nt for rretsur1n9 rock m>:lon.

An ,+ccelerdt!on record from an indevcu ,jduye

,>rlentecltomedsure the /eftiCd] CO fI)p Orient pldCed

dt a depth of 1.2L m dnd at a radidl dls.t~rl~eof

2.66 m for the TNT chirqe is shown in Figure ?. The

relord has been integrated to obtain veloclty and

disl,ldcement and these are alSo shoun in the figure,

A su.face acceleration record from a PCB qauge

located 2.0 m rddlal dlStdnCe frOm the Chdrge it

shown in Ftgur? 8. A semflogarlthmfc plot of tcce-

lerati,m of surf~ce munted gauges from seuera;

test$ i; shown in Figure 9, The datd are Scattered,

but the Doint> have been appro~ imated with a linedr

1inc seyr<ent. This suygest$ that acctleratfon

decreases eEponent!a]ly with r~dial dijtance fro!?

the explo$ive column. Figure 10 i~ a semllogrltfm)c

plot of peai vtrtlt.al acce,er~tlon vs ridlus for

qauqes enbet.ded d; (WO cIcpths. The ddta have ]e$$

scatter than fro! surface’ 0au9@$ and [he data once

again ha% ber I fl!tta wfth a \tralght llne. Th,j\

surface aCCe!e-dt(OtI aild aCCclerat {On dt depth

decreases eapr.~cntially w!thfadidl dl~tance from

the charge for ({1 thale.

Surfdr.@ Acce eratlon neasu Ierr.n;s from a tcjtln

wl.lch ppllctltrd T?ilwa$ ujed in A tl,ls-m-dldmeter

Lurrllole IO l~dn hale wer? int?yrated to oht4in

veluclty ts time for the vdrlou$ qaugc location!,

fl!r!rppat. valuc$ ‘vr dcrelcratl~!n and vrloclty are

plotted in rlgure 11, hlc?nqwith the predlttea

va)u~i from a com~.ut. ! tfmulatfon (Adtm} et al, ,

19f13)from tlIQt~st. Tt,e ~9reemrnt 1! vnry ~$ood

hrtwren thr c~lculatrd And nwasured vilue~ in (h?
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1.0- to S.O-m range, especially the pedk ve]OClty

vs dlstdnce plot .

Average stress wave propd9at)on speeds Wre

determined for lean (10 gal/ton) dnd intermediate

(25 yal/ton) grades of oil shale using the time of

arrival for the wave of surfdce mounted ancf embedded

accelerometer gauges. The data from several tests

lndica-e a wave speed of 3.45 km/s in lean shale dnd

3.25 km/s for intermediate grade shale.

The data from accelerometer gau9es dt the sjr-

face and from those buried In the shale to a depth

near the top of the charge show that the velocity of

Lhe rock mass decreases with depth during d blast

eve,>: (ds might be eapected) . This trend was inde-

pendent of the completlty of the te!t and the explo-

sive type used. Surface mtion was 10-20 m/s while ,

motion dt a depth of 2.5 m was 5 m/s or less,

The accelerometer gauge Signals were used d]so

to evaluate the overall performance of a complicated

test, such as the O hries tests, by comparing the

ob%erved signal times (corrected for wave travel

times) with the intended del~y times of the e~p]o -

sive columns. [n this wdy, the time sequence could

be dpproxtmately verified for the blatt event . The

vertica! component obtained fr&n # nulti..iirectional

accelerometer canister p]dCed near the last and

lar9est of a mwltf -hole nulti-charje mini retort

frdgmcn:at ion test 1$ shown in figure 12, Also

;hown in the figure IS the ●xpected arrival times

for seismic ener~ ~n,:ratcd by the vdrious explo-

sive char9es, These arrival times were b~sed upon

the ictuhl detonation tlm?S of the charges as

mpasured by the CO RkTfY dnd calculated for in

~vcrdye $+a)e wdve spred of 3168 m/s, Uhill there

IS some bgreewnt between the #rrlvbls of IArge

hmpl!lude $ci$mlc energy hnc th. detonation of

ch,+ryes, the very complex nature sf these rrccrds

at. e$t to the complel W4VP propd9dt {on occurt \n9 {n

the l~yered o(I sh.sle formttiont

liuciP41.IMotion frfw V?loclt~ Couyps.. .. .---——---- —— -----.— . --- .—
Records from two of the sl~ elect romaynetlc

velocity 9auyc$ fieldtd in the flntl nu)t t-hole

mult!-chdrve fr~,jmentatfon test tre ;hown in Iigdre

13, G4u9P\ I tnrl5 $hown (n ff9ure 13 were p]~ced

dItPctly on~ ibove inothrr in 4 !fn9)t hole

drtllpd Internwdtalely l~tnn~n ,he two C?ntrtl upDPr

Icv?] ?,ploslve hol~$ dr”19nrd to detonrnte at rrrm

Ifmr, 6AUQF 1 W8S plhcrrl?,44 In!WIOW the upper

level

be)oti

neous

first

be9in

room f]OOr whi]e gau9e 5 was pldCed 1.22 m

the floor. 6,)’h9au9es Show the near s}mul:d -

arrit’a]associated with the detond:lon of tne

charge at 2,0 ms. The deeper 9auge does not

dny significant fmtlon until 2 to 3 ms later

and then only shows a relatively Io* veloclty of 2

co 4 mls. At the time of 9auge failure (Pr09dhlYc
due to cable cllpping) at 26.6 ms, this gauge haS

undergone ,,total disple.cemlt of only 4.6 cm. Tne

ShallOuer gauge, located mldxay betueen :ne two ZerO

LtMe shot hOleS, attains d significant velocity

immediately after the first shot and has somewh~:

hi9her velocitl,% than the underlying 9auge. This

9auge reaches t~e Ilm!t of its trdvel of 6 cm at

14.0 ms. Tne pe?k velacity of ?.5 m/s realized by

the shallower $@uge is still nuch IOder than htd

been eapected,

Stem-ninaBehiv!or from Accelerometers and Veloclty—— -- —

Gauges

In d decked single borehole test, .s fIO,~ 9 PC8

piezoelectric accelerometer, was pl~ced in t’●

{ntermedidte 9rout p1u9 and an [ndevCo 2f),000 9

piezoresistive accelerometer W3S pldctd on the

interface between the upper portion of the grtvel

stem dnd the upper explosive charge (See Figure ]4? .

These two accelcrcaeters werr desi9ned to measurw

the shock transmission chdrdLLeristics of the Stem

and to est4blish if the stem ;uCce%Sfully brid9ed SO

4s to protect the upper (deldy~:d)Ch4r9e. The out-

put from the piezoelectric and iliezoresi$t~ve acce-

lero,neterf u:ilized in thl! test art tl]ustrdted in

Figure 15, The record for the PCB dcce)erometer

located In the intermediate 9rout P1U9 thow the

d~sllnctlve two shock responte Ch,rdcter)stlc of d

mtjority of the stem perfomnce m,a$uiements. An

ln!t{dl shock at a timr of 700 microseconds

corresponds to the trrival of the tnitlal Shock wawe

information throu9h the rock surrounding the

ucl ibore, TtleIdryer mplitude drrlv+l dt ] m

corrcspond$ LO the }hocl tronsm!ttrd throuqh the

gr~nulir stwrrn{ngrqter~tl between the lo~er char??

~nd the intermedldte 9rout plug. AS nated !n figure

]%!, the vc)oclty obttin~d by tnt?grdtit~fl the 4cce-

Ierdt!on record and the disp14ce..?nt obL4(nPd by

inteyrat!n9 the veloctty record both !nd!(tte thtt

the int@rmediIle 9rout I?)u9wbs not Sub.iected to d

contlnu~l tccelertt ion And velocity Incrrase and

that this stem nmst certainly brlffg,edor hrld. lr14t

,



the stem held 1s further d?tested by the record

nbtainea from the piezoreslstlve accelerometer

obtdined at the interface between the upper ardvel

stem and the upper exp)oslve char9e. This accelero -

meter record also shown in Fi9ure 155 shows a cuch

reduced deceleration peak and only a very small 2.0

meter per second velocity for the interface.

An aoditlonal SpeCi41 tezt demonstratlny some of

the instrumentation capdbll! ties employed at Anvil

Points is shown schem.atica)ly in Ftgure 16. Tms

test enployed two 15.8 cm diameter explosively

loaded boreholes located ].] m from edCh other.

Two smailer 10.8 cm diameter instrumentation hule$

were drilled between the two explosive holes with

one of the ;mdl)er insLrumen?at <on holes h?!n9 or,ly

0.3 m fron an explosive hole. In this experiment,

elect r’oma9netic velocity gauges were mmbedded In the

9rout plug capping each of the erploslve]y loaded

holes a~d &t three different !evels in the instru -

mentdt ion hole intermediate bet.een the two explo-

sive holes .ssil]uStrdted fn the figure.

Datafrom one of the electromagnetic velocity

gauges embedded in the grout P;L19of an explosi ve

hole is illustrated in figure 17, Th\s fi9ure shows

the characteristic rock shock response at 1.3

mi Iliseconds followed by the nuch larger stem shock

dt 6.8 ms. The very rapid drop In gauge output

occur rlnq just after 8 ms is due to the 9du9e

Ineettllgthe methdnlCdl limlt of its trdve!, The

11.0 cm di$pl~cement obtained by integrating the

velocity record up to the sharp ve)oc}ty dr:p served

to conftrm the 9auge cd]fbr.4tion factor. The ldr9e

12 m/$ velocity of the stem prior to the gduge

mvetln9 Its displacement limit indicates that this

stem {$ probably under~ofn9 failure bnd In the Pro-

ce$s of beln9 rifled from the borehole.

CORRTIX Data and Re~ults-- —.- -— —. _
CORRTIK p:oved very valu~ble In determining the

performance of ~!~~le dnd comp}cx blast ptttern;

tt1ruu9h the nwtsurment of the detondt Ion t~me$ dnd

veloclty. In tddftfon, the Ct3fdRTf-Xrword$ provided

inform~:fon on the perforwncc of vdrlous st~m

mater t41s 4nd stenentngdes(9ns by mn!torfng the

cli~nge in cdble length d$ the $hock wave prOpd9dt?d

throu9h the stemnln$ COIUIII. On srverdl of the

sfngle.bofehole tnd two-borehole te\ts, COHRICX sen-

sor cibles were Inttdl)ed fn $dtellfte bolts (n 4n

dttempt tc nra%ure rock frdcture bnd crbtrr for-

mat ton durln9 the frdgmentdtlon tests.

The Qetondtlofi velocities of several explosives

were ,Xdjured Ii, ji,,,p]e and COl?!p]lLe[~d ~O!7P$t712\

ln pldcemer,ts similar tO tndt illustrated in Figure

18. This fig.re snows the cdole routing used to

measure the detondtlon tline$dno velocities of

several explo!lve columns With different delay tlme~

from ,ssingle sensor cable. ?he averd9e deKrJOdtlOn

veloclties rw?dsured for severdl e~plO$i ves were

5.10 km/f for pellet lzed Tfil,3.90 km/s for pelle-

tllec ANFO. dnd 4.83 km/s for the IKICO 1205C ANFIJ

slurry used for some of the C-series, for the O-

series., and severdl of the $.pecld)-series tests. k

typlcdl CORaTiX record from .isensor Cdb]e throu9h

the stem dnd explosive is shown In Fi9ure ]9. Tne

record Stdrt$ dt 204.3 ms ds designed, d fast rise

to the one meter r.drk (one inter of sensor cable WAS

wrapped dfounfd the d@t Ondt Or bOOSter dSS@I!bly), d

Strd19h’. sect’on wit’ d s!o; e of 4.17 kmts repre -

scnting the twrn velority of the 1204C slurry, dnd

then at the explosive-stem interfdce the slope

Chdl,ges to 0,413 km/s describin9 the shock wave Speed

In the crushed grd\el stemnfng material. From many

COKRTEX records, the average shock ~dve travels at

0.S km/s through the first one-hdlf neter of crusned

grtvel about the char9e.

CORRTEX sensor c.sbleswere also grouted in

sdtellite instrument ho~es near explosive borehole~

to rmnttor cr4ier formdtlon. F}gure ?0 is the

CORRTIX record from d cdbl? in the crntrdl hole for

the test shown in f 9ure If dnd fi9ure 21 is b plot

of cable crush versus tlnle from test sdteltlte holes

In ‘WO sepdrdtt [e\ts used to fII?a\L, fe crdter for-

me.tlon. ~hc time-distance p~ot in Figure 21 <IO*S

two Ilnes with slopes Of 0,36 dnd 0,37 km/s. The!e

v~lucs represent the rate at filch the crtter forms,

or the rock frbcturtng rate. The fr&gwntat\on pro-

cess seems to proceed slower thdn previously

thouyht ,

The ek’terl$lve {n$trumefltbt)[)n employed on the

Anvil Polnt$ oil Shdle (rdgment4tlon te?st}hdt pro.

v{ded ~n unusutlly lar9e vulume of date on the

d~tdll$ of the explo$!ve frdgment4tfon procrs, (n

otl Shdle, Mh{le the ddtd w4) tnitlally utflized to

i,rlfy $hot performance dnd to Addre!$ \peC~fl C

f!roblr.m tr?ts, $uch 4$ \tem performance, the contrl -

hutton$ of the dbtd to theunderstbnd\n9 of the

r~plos!ve rock frdgmntdtlon Proccfs (n ~nrrdl #



could be significant. Uork is contln. !ng tc reduce

and interpret Lhe data collected.

Some 9eneral conclusions from the proqram are:

geo]oglc influences such as JO1ntS do flOtdppear to

ccfi:r~] cht fragn+fitdtion process i~ mdltip\e -

borehole, nultiple-level designs, but shale grade

may have seco,tdorder effect; exploslve enqinecr!cg

problems influence Lhe fraqnentatior, process mre

than previously imagined; stenb-ningperformance is a

very importafit factor in the success or failure in

Credtiflg a large rebort; the role of explosive yas

pressure In retort blasting appeavs to affect rock

motion, charge timing, and borehole spacing; and

decked Chdr9e S in a nultiple-borehole blast deS19fi

cause problems in exPlosive deadpressing, unwanted

stem nution, and pre, ~ture ventln9 of explosive

gases.
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TAkil[ I M2Jor Objectives of the Individual Test Sprles

h Series: $inale Hole (6 ‘ests)

, - ComUare the effects of TNT and AhFO prills on fragmental ion.
- [SLdbllSh Part lc)e She cllSLribut ion, crater cimens]ons. a“d depth of pull .
- observe Lhe effeCtS Of JOlnt SPdClng and distrlbutlon, shale grade, and limited free face

on frdgmentatlon dna crater dlfrensions and sh~pe.
- Provide dn estimate of the borenole spac!ng for the 1!Series tests.
- Rep) icd:e Shot ?9-10 conducted a: Colony ?tlne to compare crdLerlng dnc fragmentdtlon

characleri>dtioo for the two oil shale mines.
- Rock !Tr3t10ndntidlsp]acrment da!d aL the surface and d: depth by means of dCCel?rOfneter

and veloclty gauges.

B Series: 5 Borehole, S!ngle-Deck Pattern (4 lests~

- [valuate horizontal spacing dnd timing on crater
prills.

- Mea Sure pdrtlCle SIZe dlsLributlon, crdter dl,nens
multi ple-borehole geometry.

- [valuate .“dnges \n Oepth-of-burld] dnd charge we

crater formation.

ormatlon and fragmenLdtton using lNT

ons , dnd depth Of puli in a

ght on part!cle size dlstriOutlOn and

K?asure rock IIWSS Wll On uS1n9 acce~ercmeter dfld ve]oclty gauges nuunted on the free f3Ce
.+nd embedded in the rock.

- Establish horizc.ntal spacing for 8- dnd 16-borehole tests i. the C dfidD Series tests.

C Series: Vertical Ml:ilevel in a t!ultiple-Borehole Arrdnoement
—— f!5_EM

- Study and confirm the explosive and stem perf~rmdnce pr>or to conducting the C Series
multlpl e-hole frdgmentdt ion tests.

- 00tdln data On effeCtS Of hOrl ZOntdl $pdcing and tlmln9. vertical s.pdc)ng dnd timing,

Stdggered decking, and charge overlapping prior to conducting the D .Ser~estests.
- [valuate multilevel interaction :ffect$ from 8, 16 and 24 chdrges,
- ]nveS[i9dte exp~051ve Otddpressi,lg dnd sympathetic detonation for severdl eXplOSlve CypeS.
- EvalUate e]eCtrlC b]dSting Cdp performance tn decked Chdrge geometry.

frdgmen:dt ion results from nultiple-borehole, multilevel charge placement in a oecked
pattern,

- tid SUreWnt Of rock mass motion frum dcce]erometer and velocity 9auges and frdming camera
cotierdge.

O Series: Small-Scale Retorts (3 Tests~

- [valuate frdgmentdtlon from a 16-borehole staggered pa:tern of 24 dnd 32 charges in 3- and
4-level configurations,

- Reproducibility of mini retort designs.
- Reverse pull frdgmentd:ion study,
- fva)udte performance of stem de$igns, electric blasting caps, and IRICO 1205C ANFO slurry.
- [ffects of geologic features on fragmentation in d complex geometry.
- ROCk IIM%S~Lion Wasureme,jt$ within the 16.borehole .+rr~ydnd outside the bltst locdtlon.

Special Series: $inale and HJltlPle Rorehole (17 Testsl——

- Study Specidl problem dreds that affect fragrnentdtion of oil shale such ds stem perfor-
mance, crdter formation n?chdnism, improved breakage at crater chc reverse pull plane,
fragmentation of rich oil shale beds !J$.lngdifferent exP]o$lve slurrles, deda Dressing In
single borehole, dnd decied drrdngements.
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